Objective The impact of the clustering of metabolic factors on chronic kidney disease (CKD) in non-obese individuals remains unclear. Methods We conducted a follow-up study of 23,894 Japanese adults (age, 18-69 years) who continuously received annual health examinations between 2000 and 2011. Obesity, high blood pressure, high triglycerides, low high-density lipoprotein (HDL) cholesterol and high fasting blood sugar were defined as metabolic factors, and CKD was defined as renal dysfunction (estimated glomerular filtration rate: <60 mL/min/1.73 m 2 ) or proteinuria (dipstick test: ! 1+). The association between the clustering of metabolic factors and CKD was assessed based on the presence or absence of obesity using a Cox proportional hazard model. Results Of 2,867 subjects with ! 3 metabolic factors, 650 (22.7%) were non-obese. These individuals were older and had higher metabolic risks than their obese counterparts at baseline. Among the entire cohort of 23,894 subjects, 1,764 developed renal dysfunction and 904 developed proteinuria during an average followup period of 7.8 years. The cumulative incidence of renal dysfunction was higher (22.1% vs. 16.1%), whereas that of proteinuria was lower (10.5% vs. 14.4%), among the non-obese subjects with ! 3 metabolic factors than the obese subjects with ! 3 metabolic factors after 11 years. The adjusted relative risk (RR) (95% confidence interval) of renal dysfunction was 1.54 (1.34-1.77) and 1.67 (1.35-2.07) for the obese and nonobese subjects with ! 3 metabolic factors, respectively. Conclusion Non-obese subjects with ! 3 metabolic factors, who are missed based on the essential criterion of obesity for metabolic syndrome, may have an equal or slightly higher risk of renal dysfunction than obese subjects with ! 3 metabolic factors.
Introduction
In 2002, the National Kidney Foundation (NKF) proposed a new definition for chronic kidney disease (CKD) that encompassed a wide range of kidney diseases (1) . CKD is not only a precursor of end-stage renal disease (ESRD), but has also been identified as a risk factor for cardiovascular disease (CVD) in the early stage (2, 3) . The number of patients with ESRD has been increasing worldwide, with diabetic nephropathy recognized as the most significant cause of this increase (3) , and hypertension, dyslipidemia and obesity are considered to independently damage the kidneys (4, 5) . A number of studies have recently focused on the relationship between metabolic syndrome (MS), the clustering of metabolic risk factors within the same individual and CKD (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) .
The World Health Organization first defined diagnostic criteria for MS in 1999 (16) and, since then, various sets of criteria have been proposed by several institutions. However, differences exist among criteria regarding whether insulin resistance and/or abdominal obesity are essential compo-nents of MS as well as the components of these parameters and their abnormal values. For example, the National Cholesterol Education Program (NCEP) (17) criteria regard obesity as an MS component, whereas the International Diabetes Federation (IDF) (18) and Japanese criteria (19) include obesity as an essential component. The relative superiority of the NCEP and IDF criteria for predicting CVD remains controversial. According to the use of obesity-based criteria for MS, concerns have been raised over the possibility of overlooking normal-weight individuals with multiple risk factors at high risk of CVD and carotid atherosclerosis (20) (21) (22) (23) (24) (25) (26) . However, no longitudinal studies have compared the risk of CKD between obese and non-obese individuals with metabolic disorders.
A decreased renal function and proteinuria are the main clinical abnormalities associated with CKD, although these conditions are considered to involve different pathological pathways leading to the development of CKD. Therefore, we compared the incidence of renal dysfunction and proteinuria in obese and non-obese Japanese adults without a history of CVD who exhibited multiple metabolic factors over an 11-year follow-up period.
Materials and Methods

Subjects and study design
Our health screening institution conducts health examinations for the employees of the Kobe Steel Group, one of Japan's leading steelmakers, which consists of 12 major factories, 13 local sales offices and 272 small-and medium-sized cooperative firms in Japan. Of the 26,686 workers who annually undergo health examinations, including renal function tests and urinalyses, based on the Industrial Safety and Health Law (27) , 23,894 (20,520 men and 3,374 women) were selected as subjects after excluding those with the following conditions at the baseline survey performed between April 2000 and March 2001: 1) a history of coronary heart disease or stroke (n=504), 2) a history of nephro-urological diseases such as kidney or ureteral tumors, nephritis, nephropathy, nephrotic syndrome, pyelonephritis, kidney abscesses or renal failure (n=99), 3) an estimated glomerular filtration rate (eGFR) of <60 mL/min/1.73 m 2 (n=1,515), 4) proteinuria (dipstick test ! 1+) (n=681) and 5) missing data (n=273). Subjects 18-69 years of age (mean: 46.9±10.2 years) were followed up for incident CKD on annual health examinations after the baseline survey through March 2012.
Data collection
1) Information concerning age, sex, smoking status, daily alcohol consumption, exercise habits, walking time to work and history of present and past illnesses was collected via a self-administered questionnaire and checked by a physician at the annual health examinations.
2) Subjects who regularly engaged in manufacturing, mechanical, maintenance or other types of physical work were distinguished as blue-collar workers from white-collar workers. Based on a previous study (28) , subjects who engaged in harmful operations associated with the use of lead, organic solvents, silica, beryllium or chromium were considered to be at risk of occupational kidney diseases (none of our subjects were considered to be exposed to cadmium, mercury or arsenic).
3) Body height and weight were measured, and the body mass index (BMI) was calculated as the body weight (kg) divided by the body height squared (m 2 ). Blood pressure (BP) was measured in the sitting position after at least five minutes of rest.
4) Blood samples were obtained from the antecubital vein after 10 hours of fasting. The high-density lipoprotein (HDL) cholesterol, triglyceride, fasting blood sugar and serum creatinine (SCr) measurements were commissioned to an outside testing organization (Health Science Research Institute, Yokohama, Japan). The SCr level was measured according to an enzymatic method using an automatic analyzer (Hitachi 7700; Hitachi, Ltd., Tokyo, Japan). The level of urinary protein was examined using a dipstick test (E-UR32; Eiken Chemical Tokyo, Japan).
When obtaining the health records, the identities of the subjects, including their names, were encrypted to protect their privacy. This study was conducted in compliance with the Japanese Ethical Guidelines for Epidemiological Research (29) .
Definitions of various metabolic factors
While waist circumference is included as a component in the NCEP criteria for MS, no data were collected on waist circumference at baseline. Therefore, we substituted BMI for this measurement. A BMI of ! 25.0 kg/m 2 was used as the criterion for obesity; this BMI level has previously been shown to correspond well with the Japanese criterion for a high visceral fat area of ! 100 cm 2 , which defines central obesity (19, 30) , and is currently proposed as a cut-off value for the diagnosis of obesity in Asians (31) . Based on the NCEP criteria (17) , a subject's condition was considered to reflect metabolic factor clustering if he/she had three or more of the following five metabolic factors: obesity (BMI ! 25.0 kg/m 2 ), high BP (! 130/85 mm Hg), high triglycerides (! 150 mg/dL), low HDL cholesterol (<40 mg/dL in men and <50 mg/dL in women) and high fasting blood sugar (! 110 mg/dL). The subjects were categorized into three groups based on the presence of metabolic factor clustering and obesity as follows: 1) 0-2 metabolic factors, including subjects with <3 metabolic factors; 2) ! 3 metabolic factors/obesity, including obese subjects with ! 2 other metabolic factors; and 3) ! 3 metabolic factors/no obesity, including normal-weight subjects with ! 3 other metabolic factors.
Definition of CKD
Based on the NKF guidelines (1), CKD was defined as renal dysfunction or proteinuria. Renal dysfunction was considered to be present if the eGFR was <60 mL/min/1.73 m 2 , Traditional CVD risk factors are considered to predict both renal dysfunction and proteinuria. However, renal dysfunction and proteinuria are independent, but coexistent, manifestations of different pathologies associated with renal and cardiovascular risks. Hence, renal dysfunction and proteinuria were analyzed separately in this study.
Statistical analysis
The baseline clinical characteristics of the groups stratified according to metabolic factor clustering and obesity were compared using an analysis of co-variance or the χ 2 -test. After the follow-up period of 11 years, the cumulative incidence of CKD was calculated for each group based on the Kaplan-Meier Method. The adjusted relative risk (RR) of CKD for each group was evaluated using a Cox proportional hazard model adjusted for age, sex, lifestyle, type of work and occupational exposure. We further adjusted for other metabolic factors when calculating the RR for each metabolic factor. A p value of <0.05 was considered to be statistically significant. All analyses were performed using the PASW ver18.0J software package (SPSS, Chicago, IL, USA).
Results
Baseline characteristics of the obese and non-obese groups according to the presence of metabolic factor clustering
As shown in Table 1 , the prevalence of ! 3 metabolic factors was 12.0% (n=2,867) among our subjects at baseline. Significant differences were observed in age, sex, all metabolic factors and the smoking status between the two groups.
Baseline characteristics of the obese and non-obese groups with metabolic factor clustering
As shown in Table 2 , 650 (22.7%) of the 2,867 subjects with ! 3 metabolic factors were not obese. The non-obese subjects with ! 3 metabolic factors were 3.4 years older and had higher mean systolic BP, triglyceride and fasting blood sugar values, but lower HDL cholesterol levels, than the obese subjects with ! 3 metabolic factors (p<0.05). In the ! 3 metabolic factors/no obesity group, the incidence of current smoking (56.3%), high alcohol (ethanol) consumption (! 20 g/day) (53.0%), lack of walking time during the day (<30 min/day) (82.3%) and blue-collar workers (39.8%) was higher than that observed in the ! 3 metabolic factors/obesity group (p<0.05).
Cumulative incidence of CKD according to the presence of metabolic factor clustering and obesity
The cumulative observation period was 185,860 personyears. During the mean observation period of 7.8±3.6 years, 1,764 subjects newly developed renal dysfunction and 904 subjects newly developed proteinuria. As shown in Figure, the cumulative incidence of renal dysfunction after 11 years was highest at 22.1% for ! 3 metabolic factors/no obesity, followed by 16.1% for ! 3 metabolic factors/obesity and 9.7% for 0-2 metabolic factors. Meanwhile, the cumulative incidence of proteinuria was lower in the ! 3 metabolic factors/no obesity group (10.5%) than in the ! 3 metabolic factors/obesity group (14.4%).
Adjusted RR of CKD according to the presence of metabolic factor clustering and obesity
As demonstrated in Table 3 , the RR (95% confidence interval) of renal dysfunction and proteinuria for ! 3 metabolic We defined obesity, high blood pressure, high triglycerides, low HDL cholesterol and high fasting blood sugar as metabolic factors (see the Materials and Methods section).
Figure.
Cumulative incidence of renal dysfunction and proteinuria according to the presence of metabolic factor clustering and obesity. We defined obesity, high blood pressure, high triglycerides, low HDL cholesterol and high fasting blood sugar as metabolic factors (see the Materials and Methods section).
factors was 1.57 (1.39-1.77) and 2.94 (2.54-3.40), respectively. The RR of renal dysfunction was 1.67 (1.35-2.07) for ! 3 metabolic factors/no obesity, which was higher than that for ! 3 metabolic factors/obesity. However, the RR of proteinuria was 2.08 (1.52-2.85) for ! 3 metabolic factors/no obesity, which was lower than that for ! 3 metabolic factors/obesity and opposite to the results obtained for renal dysfunction.
Adjusted RR of CKD according to five metabolic factors
As indicated in Table 4 , high triglycerides, high BP, obesity and low HDL cholesterol significantly increased the RR of renal dysfunction. On the other hand, high fasting blood sugar, obesity, high BP and high triglycerides significantly increased the RR of proteinuria.
Discussion
Insulin resistance and abdominal obesity are considered to be fundamental pathogenetic factors for MS; however, the exact mechanisms underlying the development of MS have not yet been established and various criteria for the condition have been proposed. Consequently, the same individual may be diagnosed with MS according to some sets of criteria, but not others. For example, non-obese MS, a seemingly healthy condition satisfying the NCEP criteria, but not obesity-based criteria, has been reported to be a precursor to type 2 diabetes and CVD (33) . In recent years, the risk of CVD has been reported to be higher for non-obese MS patients than for obese MS patients (20, 24, 25) . However, the risk of CKD in these individuals remains unclear.
The present results showed an overall increased risk of both renal dysfunction and proteinuria in subjects with metabolic factor clustering, regardless of obesity. We also found that the risk of renal dysfunction in the non-obese subjects with metabolic factor clustering was similar to that observed in the obese subjects with metabolic factor clustering. This is clinically relevant issue because non-obese individuals are often considered to be at low risk and managed accordingly. Chen et al. first suggested the presence of a strong relationship between MS and CKD in 2004 (12) . However, recent studies taking the effects of hypertension and diabetes into consideration have reported results that both support (7, 9-11) and reject (14, 15) this relationship. Furthermore, a universal consensus has not been reached as to whether MS itself is a risk factor for CKD or if individual risk factors, such as hypertension and diabetes, are involved. Our additional analyses of adults (n=18,077) conducted after excluding those with hypertension, diabetes or treated dyslipidemia at baseline led to similar results to those obtained in the analyses of our subjects performed without excluding such individuals (data not shown).
In the present study, the percentage of non-obese subjects was 22.7% (650/2,867) among our subjects with metabolic factor clustering. Previous studies have reported that the proportion of non-obese individuals among those with MS diagnosed according to the NCEP criteria is 9.7-18.9% in Europeans (23, 34), 7.6-35.6% in Asians except for Japanese (8, 10, 24, 35, 36) , 25.4-33.6% in Japanese (20, 22 ) and 31.3-32.6% in Asians with type 2 diabetes (6, 25) . The median of these values is higher among Asians than Europeans (32.5% vs. 14.3%). Therefore, the prevalence of metabolic factor clustering without obesity should not be disregarded, especially in Asians, who are known to have a relatively lower prevalence of obesity than Caucasians.
Although previous studies have compared the superiority of the NCEP and IDF criteria for predicting CVD, those concerning CKD have been limited. In French men, MS diagnosed based on the IDF criteria has been shown to be associated with an elevated risk of albuminuria, whereas that diagnosed according to the NCEP criteria has not (7). In Taiwanese subjects, MS diagnosed in accordance with both criteria significantly increases the risk of CKD; this risk is slightly higher for IDF-defined MS (10) . Conversely, in Thai workers and Chinese diabetic patients, NCEP-defined MS is correlated with renal dysfunction, while IDF-defined MS is not (6, 13) . The relationship between non-obese MS per se and renal dysfunction has been evaluated cross-sectionally in patients with type 2 diabetes (6), although it remains poorly understood in healthy populations.
In the present analysis, the RR of proteinuria was higher for metabolic factor clustering with obesity than that without. One possible explanation for this result is that the effects exerted by several metabolic factors on the kidneys are not equal. In accordance with the findings of a previous meta-analysis (37) , the effects of five metabolic factors on renal dysfunction and proteinuria also varied in our study. In particular, obesity had the second highest RR for proteinuria among all metabolic factors examined; this value was higher than that for renal dysfunction (1.75; p<0.001 vs. 1.18; p= 0.003). Yamagata et al. reported that obesity was found to be an independent risk factor for proteinuria, but not renal dysfunction, during a 10-year follow-up period (4). Another study showed that the risk of proteinuria increases progressively in association with elevation of BMI (5). Obesity has also been shown to result in an increase in the renal plasma flow and glomerular filtration rate, whereas weight reduction decreases urinary protein excretion due to improvements in these pathological abnormalities (38) . These phenomena likely contributed to the current results.
In contrast, the RR of renal dysfunction was higher for metabolic factor clustering without, than with, obesity in the present study. Possible reasons for these results are as follows. First, although obesity is a known risk factor for proteinuria (4, 5) , its effects on the development of renal dysfunction remain controversial. Some studies have found no significant relationships between obesity and renal dysfunc-tion (4, 11, 13, 14) . Second, our non-obese subjects with metabolic factor clustering were older and had more exacerbated metabolic abnormalities, as observed in other studies (35, 36) . Third, unfavorable lifestyle factors and type of work may have also played an important role in the development of metabolic disorders in our subjects. These factors may have provided the basis for non-obese MS and enhanced the risk of renal dysfunction in these individuals. Our additional evaluations indicated that the non-obese subjects with ! 3 metabolic factors had a higher mean eGFR (76.9 vs. 74.7 mL/min/1.73 m 2 ) at baseline, although a higher RR for renal dysfunction, even after adjusting for confounding factors, including baseline eGFR, than the obese subjects with ! 3 metabolic factors (data not shown).
Non-obese MS is considered to be characterized by body composition and body fat distribution abnormalities (elevation of the visceral fat to subcutaneous fat ratio) as well as decreased insulin sensitivity, even among those with lower BMI values (33) . Whether obesity is an essential factor for the basis of MS, or the clustering of the risk factors is more important, remains unclear, which has caused controversy, both in Japan (39) and abroad. Obesity is widely recognized to be a fundamental risk factor for lifestyle-related diseases, and the inclusion of obesity as a criterion for MS may be reasonable from the viewpoint of the need for intensive intervention in obese individuals. In order to prevent increases in the number of patients with lifestyle-related diseases and CVD, an annual health check-up program with a particular focus on the diagnosis of MS according to obesity-based criteria was initiated in Japan in 2008. However, the present study showed that such criteria may fail to identify nonobese individuals with multiple metabolic factors at increased risk of renal dysfunction. Therefore, the exclusion of this high-risk group from targets of lifestyle modification, medical treatment and follow-up may be clinically undesirable.
This study is associated with the following limitations. First, we used the BMI as a substitute for waist circumference in order to diagnose MS, which may have led to underestimation of the effects of obesity on CKD. Second, a reduced eGFR and dipstick proteinuria, used as the endpoints of CKD in this study, may be less accurate for diagnosing CKD. However, the equation used to estimate the GFR in this study has been reported to be more precise than other equations or the SCr level (32) . Measurements of the eGFR and dipstick urinalyses are also important indices of renal disorders that are widely used in clinical practice and mass health examinations in Japan. Third, the healthy worker effect may have influenced our findings; therefore, our results may not be easily generalized. However, obtaining results based on periodic health examinations obligated by law rather than voluntary assessments renders selection bias less probable.
In conclusion, the clustering of metabolic factors, irrespective of obesity, is suggested to be an independent risk factor for renal dysfunction and proteinuria in Japanese adults. In the present study, approximately 20% of subjects with metabolic factor clustering were not obese and had an equal or somewhat higher risk of renal dysfunction than obese patients with metabolic factor clustering.
